THIS is a preliminary announcement on a subject so vast that there seems no end to it; and there can be no end to the research connected with it.
It is true that many of my listeners may question the results of my research, but I suggest that the work has brought out certain points which should lead to a discussion beneficial to ourselves as practitioners, both medical and veterinary, and, what is more important, beneficial to mankind as well.
Originally, I had hoped to have read my paper as promised in the next session, when perhaps I should have brought part of the work to an end, but the end I am unable to visualize, therefore I thouight the sooner I put my views before this Section the better.
For a number of years I have devoted most of my time both in the consulting room and in the laboratory to the disease to which the name of rheumatoid arthritis has been given. To any medical man who is in the habit of being consulted as I am by sufferers from this fell disease, I felt it was high time that someone took up the investigation. The late Professor Strangeways and myself fought many battles, but the results brought us no nearer the end. Literature helps one but little as there is such a conflict of opinion.
An excellent paper has recently been written by Dr. Tom Hare, of the University of Liverpool, involving enormous work, on rheumatoid arthritis in horses, and published in the two recent numbers of the Veterinary Record. I think that Dr. Hare has covered all the work done during the last forty years. He quotes sixty-eight references. Yet after such vast research his conclusion is that: "Bacteriological, histological and cytological examination of the affected fluids and tissues have failed to identify the causal factor."
Dr. Llewellyn, again, makesthe following statement in his book on " Rheumatoid Arthritis": "From the foregoing remarks it will be seen that the oetiological problem presented is an extremely difficult one, solution of which is impossible in the present state of our knowledge. While leaning towards the toxemic theory of its origin, one cannot but be sensible that our knowledge of the more intimate chemical changes involved is very vague, and forbids any pretension on our part to an exact tetiology of the affection." Some of you must have wondered at the title of my paper; I gave it hours of thought and could give it no better title than one in the form of a question.
My clinical investigations began as far back as 1912, when I installed an X-ray apparatus with the idea of trying to find out what similarity there was in the lesions amongst my cases. In the war during 1914 and 1915 stationed at Netley. The blood-cultures and joint punctures I carried out proved sterile.
Owing to ill-health I had to relinquish the Service for some time; I returned to it again in 1916 and was given the pathological charge of three hospitals of some 2,000 patients, where I could place as many rheumatoid patients for whom I could find beds, an order being posted in the London area that all true rheumatoids were to be sent to one of my hospitals. In this way I was able to accumulate some 200 rheumatoids and keep them for investigation. Bqt with all this opportunity and all the advantages of able assistance and cordial help for over three years, until May, 1919, nothing of great value was discoverable. In 1916 I wrote a paper which was published in the Lancet1 giving the results of my investigations up to that time.
After the war I again took up the investigation of this disease chiefly owing to my farming instinct. The question of vitamins and the work of Hopkins, Funk, Plimmer and Drummond, was being published. I began to experiment with pigs, as I found that a large number of my pigs which were bred on the open-air system were from time to time suffering from marked stiffness and swollen joints. I began to feed my animals on a full vitamin diet and the result of these experiments was marvellous. There was a complete change in the condition of my herd and I decided to show my experimental animals at the largest Fat Stock Show in I had already noticed in my patients the frequency of coli bacilluria, and, as I mentioned in 1916, I was convinced that the disease was of trophic origin. My reasons for the theory were the marked wasting of specific muscles such as the vastus internus,-its nerve also supplying the knee-joint; of the deltoid in shoulder cases, the circumflex nerve being involved, also the typical hyperesthetic areas. I decided to start an investigation on these lines. Iln January, 1925, I took toll of the BaciliU8 coli examinations of my rheumatoids, and the results of cultures made from the urines of these patients showed that a very high percentage were suffering from coli bacilluria.
In January of this year (1927) , I again made records of the bacteriological examination of the urine of my last hundred rheumatoid cases sent to me. Eighty-nine grew Bacillu8 co0i; in six only were streptococci found; one grew a paratyphoid B; in four out of the hundred only was I unable to culture any organism.
The paratyphoid case was a very chronic one; it had persisted from the South African war in 1901, it was a case in which both hips were involved. This patient has done well and now plays tennis. To compare with this case, I mention that of a patient who grew streptococci in his urine and it was found by transillumination that the maxillary antrum was full of pus. He is now free from all pain and able to shoot and walk over ploughed ground. I show the radiographs of both these patients as rheumatoids in whom the same joints were affected, but in whom the infection was due to two completely different organisms. I was encouraged in this work by the results of Colonel McCarrison's researches. It would be impossible, in the short time that I am devoting to this paper, to describe more than a few of the experiments carried out by myself, and by my colleague Dr. Ethel Browning who has rendered me admirable assistance.
The radiograms which I am showing were kindly prepared for me by another colleague, Mr. J. Sumner Moore. Over 500 radiograms have been taken and some 400 animals have been used during the latter part of this investigation. As mentioned in my paper in the Lancet in 1916, the puncturing of joints and cultivation of the fluid proved to be all sterile, so this side of the work was not carried further. I think that Dr. Tom Hare's valuable work agrees with this finding. The method of investigation carried out by me in human beings when a case was sent with rheumatoid arthritis was the following: The history of the patient was taken in the ordinary way as in hospital, a-complete physical examination with notes made on muscular wastings, disabilities, hypersesthetic areas as well as a minute history of any injury to any part of the body. This was rather important as undoubtedly injury was a marked predisposing cause as to in which part of the body the disease began.
The chest and abdomen as well as the thyroid were carefully examined for any abnormality, blood-pressures in the latter cases were also taken as well as the temperatures. Following this, the nose was thoroughly examined, cultures were taken, and the antrum of Highmore and the frontal sinuses were transilluminated. The teeth, if any, were X-rayed; the condition of the gums was noticed, tonsils were examined and cultures taken. If a patient had a cough, sputum was examined-specimens of urine were passed into a sterile bottle through a sterile funnel; the stools were examined for any abnormal organisms and in the case of female patients if any vaginal discharge was present a speculum was passed and cultures taken from the cervical canal as well as from the vagina.
I have here twenty radiographs. I could show you numbers more but I presume that twenty will suffice to prove that the toe-joint is a joint very commonly involved and you will note that the osteophyte in the majority of cases-if not in all-arises from that part of the joint which is most liable to injury in the modern boot. This joint, as you will realize if you give it a moment's thought, is the one that bears most of the strain in every step we take. Many other joints are affected in the same way. Having found that such a high percentage, Of course, it was found impossible to bring these pigs to my London laboratory and I decided, with the cordial assistance of our Medical Officer of Health, to build a slaughter house on the farm; licence for its construction was granted, as it would have been impossible except in a private slaughter house to carry out any bacteriological technique. A pig begins to eat solid food at about three weeks of age and is killed for pork if properly fed at about four months. The pigs were shot with the captive bullet: they were immediately hung up, the bladder removed, and by means of sterile forceps and scissors a window into the bladder was made, some of the urine was removed, put into broth and brought to my laboratory. Not one of the 100 that were taken grew anything but a few staphylococci, not a single Bacillus coli was grown. I think this speaks well for our technique. The animals were killed at the rate of twenty per week. I then interviewed the Home Office and asked to be allowed a licence for my farm permitting me to carry out feeding experiments on my pigs with a deficiency diet. This, I was informed, was impossible, and on no account was I to feed a pig with any foods that I considered were harmful to the animal, as no licence could be granted other than to a recognized institution.
I had by me all the notes of an experiment I had carried out a few years previously. Feeding experts were constantly advising farmers-and are doing so to-day-to feed their pigs on by-products from margarine factories, such as palm kernels, coco-nut, earth-nut, soya beans, etc. So I placed three pens of pigs on these foods as a test, using against them a food containing meat, yeast, cod-liver oil and a salt mixture, the carbohydrate content of the diet being the same in all the pens. Within a few weeks it became apparent that the pigs on a diet of palm-kernel and coco-nut were rapidly going downhill; and at the end of the test the pigs fed on my mixture had increased by 143 lb., and for every 1 lb. of increase in weight had consumed 2 * 62 lb., whereas the " palm kernel pigs " had increased only 40 lb., and for every 1 lb. of increased weight they had consumed 5 lb. The palm kernel pigs showed a vitamin B deficiency. The stools of all the pigs were brought up to the laboratory from time to time, and investigations in fat absorption were carried out as well as in protein expulsion.
This, of course, put an end to the employment of pigs, and it was decided to use the rat for the experiments. A building which had been used as a maternity home for my sows was rapidly converted into an animal house; fifty breeding does were purchased and breeding was immediately started. The rats were fed on 15 per cent. vitamealo, 25 per cent. barley meal, 60 per cent. middlings. This is a proprietary food which I know has a high fat soluble and vitamin B content, and contains as well an excellent protein and salt mixture. This ensured that the rats had a normnal diet and that there was no vitamin deficiency. Twice a week some green food was given to the rats, and it was surprising how the fecundity figures rose and how rapid was growth in our animals. So good were the animals that Professor Drummond reported that the younger ones were of no use for any fat soluble vitamin experiments as they were so saturated with it that it took a great deal of time to make them deficient.
The rat is not such an easy animal from which to take urine cultures as is the pig, and at first our cultures were constantly contaminated. But Dr. Ethel Browning suggested, instead of making a median incision to make the incision apron-form and to turn down a huge flap, thus exposing the bladder. The bladder was removed by sterile forceps and sterile scissors, and the whole organ immersed into broth for culture.
Of the last 100 rats (as soon as our technique was corrected) of the vitamin-fed animals, all proved to be sterile on culture. This made me somewhat despondent, and the next point was to try to see how common the presence of Bacillus coli was in the normal human subject. I decided that a medical student had quite a good kind of physique and was a healthy type of human being. Professor Plimmer of St. Thomas's Hospital came to my assistance and placed at my disposal the whole of his first-and second-year students. Forty students were tested; the urine was passed into a sterile funnel and then into a sterile bottle, and cultured. Four were found to be suffering from coli bacilluria, i.e., an occurrence of 10 per cent. in the normal man. It was rather interesting to note that in one of these cases the urine contained sugar, in another the appendix was removed a short while after the experiment, another, a third student, was suffering from boils, and the fourth was neurasthenic.
It was decided to omit further bacteriological inquiries for the present and to investigate, if possible, the incidence of Bacillus coli in the urine of my rheumatoid patients, and see whether intestinal toxsemia played any part in the disease, as I found that in a number of my cases there was tenderness in the right iliac fossa. X-ray examination showed a distension of the colon and delayed expulsion of the barium or bismuth employed. I therefore decided to concentrate my attention on the cEecum and colon.
The rat has no appendix, but the chicken has two appendices, in respect of which I hope on some future occasion to show some further findings.
Fifty rats were brought up from the farm to the Bio-chemical Department of University College, and they were fed on a vitamin B deficiency diet. The diet consisted of heated casein, butter, rice-starch and the ordinary salt mixture. Rice-starch 650 grm., butter 100 grm., casein 200 grm., salt mixture 50 grm. The animals were kept in a heated room in cages. They were rats about six months old, and were all males. They had been-bred by me on the farm and their diet from birth was known. They were well grown, almost to full size, and were very healthy. Within three weeks on a deficiency diet the animals were showing signs of going downhill. They were losing weight, not eating their usual quantity of food, their coats lost their shine, they became bald and were constantly eating their excreta, and were not playful-in fact, had all the appearance of a sick animal. We waited a further week, but unfortunately a number of the animals died, and those dying during the night in the absence of the assistant were usually eaten by the others; a normally fed animal never does this. The remaining animals, some thirty in number, survived until the fifth week, when their condition was pitiable to see. We killed these by means of chloroform, and a marked loss of the peristaltic wave was most evident. In a number of them there was slight fluid in the pericardium, but the most marked symptom was absence of the peristaltic wave, general malnutrition and distention of the ceecum. Cultures were made from the urine in the ordinary way described above, but were sterile; sections were made from a large number of these. The next point was to compare fifty normal animals with these deficiency animals, and soon fifty rats were killed, all in the same manner with chloroform, and immediately opened, the peristaltic wave which persisted for some time was watched and the pericardium was examined as well. Portions of the cEecum, transverse colon and stomach were removed for histological examination.
Just at this period, Professor Drummond offered for my use some rats which he had kept for thirty-five weeks on a deficiency diet, though not a total deficiency diet, as he had given them a little marmite. I immediately took advantage of this kind offer, and I shall be able to show you with the epidiascope, sections of the cecum at about the junction of the ileocEecal valve and also the transverse colon. A little later I visited Professor Plimmer at St. Thomas's Hospital and discussed my investigations with him. When I told him of the difficulty I had had in keeping my rats alive long enough on a aomplete deficiency diet he pointed to a male rat that he had kept for some eighty weeks on a partial deficiency diet; the rat having had 2 per cent. marmite with its other food. He offered me the animal and I immediately took possession of it. Although the rat looked ill, it had not lost weight for months, its respirations were rapid and one could see that only one lung was active. It was killed by chloroform; one lung was found to be solid; the whole of the mediastinum was full of large glands which looked tuberculous but on examination were found to be pneumococcal. There was no peristalsis, but an abnormal amount of abdominal fat. I now decided to bring up another fifty rats from the farm to University College and they were placed on the deficiency diet, to which was added 2j per cent. marmite for six weeks. At the end of this period the marmite was removed and for three weeks they were on a complete deficiency diet. Four of these rats were fed on a mixed broth emulsion of pneumococci and staphylococci added to milk. The culture was 1,000 million of each organism per 1 c.c. Each rat took 1 c.c.
It was decided to keep these rats for four days, but one died before it had an opportunity of taking the mixture, two were killed forty-eight hours after receiving the mixture, and one was killed four days after taking it, by means of chloroform. Complete absence of peristalsis was noted in all these.
It was now decided to feed nine deficiency rats on a streptococcal broth emulsion, added to milk. They had been on the same diet as the pneumococcal rats up to nine weeks, then for three weeks on 2 per cent. marmite, then for four days on complete deficiency diet. The temperatures of these rats were taken, and, as usual (one of the first symptoms of a vitamin B deficiency diet) the temperature fell enormously, ranging from 850 F. to 96°; the normal being 1000. This I consider is a most important fact and one on which we, as medical men, should lay great stress. I will show you the temperature chart of a patient suffering from rheumatoid arthritis who was in fairly good condition and was quite an early case. It is useless repeating these temperature charts as they are all similar and we know that with a subnormal temperature infection with any organism is common. Another further batch of normal rats was brought up and fed with pneumococci and staphylococci, each receiving 1 c.c. in milk of broth emulsion of 1,000 million per 1 c.c. These were immediately fed on our vitamin B diet, namely, a suitably prepared enzyme-free wheat embryo preparation containing vitamin B. This was previously tested on pigeons and it was found that 1 grm. of this treated vitamin B food was sufficient to cure pigeons with head retraction, and certainly in the case of our rats that were almost dying from a vitamin B deficiency diet it was extraordinary to see how they revived on this food. Rats which were paralysed and too ill to drink milk, immediately this preparation was placed in their cages, either by instinct or by smell crawled along to it, and those which were too weak to dip their heads in it licked the jaws of those rats which were already eating the food. In a few hours they were quite lively. We were unable to culture any Bacillu8 coli from our original four weeks deficiency rats but we were able to culture Bacill18 col'i (the slides which I have under the microscope) from the nine weeks deficiency rats. Our next investigation was to investigate streptococcal cultures of deficiency and normal rats, and another ten normal and ten deficiency rats were fed with a streptococcus of the para-odontal type and the long form taken from the teeth of one of my patients. 1 c.c. of a 500 million broth culture was given in milk to each rat. On the fourth day the animals were killed by chloroform in the usual way and I now show the sections on the epidiascope.
It is interesting to note that none of these animals died from acute septicsemia or showed the least signs of being ill other than with the symptoms attributable to a deficiency diet. None of the rats had rigors and none of them developed any lung trouble. It was then decided to have some record of the peristalsis, and owing to the difficulty of fitting up shafting and drums in the laboratory it was decided to depend upon evidence derived from X-rays. These I think show quite conclusively that intestinal stasis is marked in the deficiency animal as compared with the normal. Barium sulphate mixed with white bread and made into pills with milk was fed to deficiency and normal rats. The first photograph was taken 3-1 hours after a meal; second, 23 hours after a meal; third, 47 hours after a meal; fourth, on the fourth day.
You will note the enormous distension of the stomach in the deficiency animal as compared with the normal. You will also note as in all cases of dilated stomachs there is at first a rapid emptying of the bowel, presumably a reflex action; then follows a delay. This, I consider, is one of the most important findings of our investigations: that although we could not say that the animal is constipated, yet there was still present on the fourth day that which should have been passed on the third. Similarly, with patients, although they may not be constipated they tell you they have an action of the bowels every day. Yet, in all probability, they are passing to-day what ought to have passed yesterday.
As this is only a preliminary paper I will now summarize what I consider to be the interpretation of the findings of this extremely strenuous and tardy investigation.
A vitamin B deficiency in the diet of animals leads to a lowered vitality as shown by the subnormal temperature; secondly, a deficiency animal is prone to infection. On my farm where I have some 2,000 animals there is hardly one death per week, whereas in our animal house at University College, where I have 100 rats or so at a time, ten deaths might take place in a day. The rats die of acute toxsemia; the absence of peristalsis is due, in my opinion, to a paresis of a nerve supply followed by the atrophy of the muscle, with consequent distension and absorption of toxin. The track of infection is by way of the lymphatics and not by way of the blood-stream.
I was somewhat led astray in my researches owing to McCarrison showing us at his lectures in this building some time ago organisms in the blood-vessels in his deficiency monkeys; but, of course, one does not know how long after the death of the monkey these specimens were removed from the body, and we all know how rapidly organs become infected after death. We have been extremely careful in all our investigations to remove all specimens from our animals within a few minutes of cessation of life. In the sections from the animals you will see, seemingly, streptococci in the.villi or glands, whereas the blood taken from the heart is sterile. It takes some time for organisms to follow this tract, but I believe that the disease of rheumatoid arthritis is resultant upon the toxemia rather than upon a direct Bacillus coli infection. One of the marked symptoms that I have noticed amongst rheumatoid arthritis patients is the excessive fat in the majority of these cases, due I think, to thyroid deficiency, for when they are given thyroid they rapidly lose weight. It is possible that there is a hormone deficiency resultant upon the toxEemia. I am inclined to think that infection does not take place through the mouth in cases of bad teeth, but that organisms are swallowed and find their way into the intestine and obtain entrance to the system in this way. There is another important symptom that I have noticed amongst the diabetic sent to me for examinationnamely, whenever I have been able to secure the passage of urine into a sterile vessel in every case Bacillus coli has been present. Also, in a number of cases of high blood-pressure, recent investigations have demonstrated the presence of Bacillus coli in the patients' urine. Is it possible that the toxwemia following upon deficiency is responsible for the onset in these cases ? Within the last few years I have watched four cases with blood-pressure ranging from 200 to 250 mm. The patients were immediately placed upon a vitamin B excess diet and given injections of a vaccine prepared from their own urinary Bacillus coli. In every one of these the blood-pressure now remains in the region of 150 mm. and is constant. There is no doubt in my mind that the diet of the majority of human beings is wholly deficient in its vitamin B content. There is no complete absence of vitamin B; if that were so I am certain the population would rapidly diminish. Some years ago I investigated a large number of skeletons which were stated to be Saracen remains, and of some 100 bones that I was allowed to examine not a single one showed changes similar to those we find in rheumatoid arthritis to-day. In my opinion, rheumatoid arthritis, like many other diseases, is a disease of civilization. In days gone by the diet was entirely different, there was no such thing as white bread, no such a thing as feeding our milk cows on margarine by-products, our bullocks were not fattened on foods which are deficient in vitamin B. Our eggs were not produced by hens which are fed on deficiency foods, in fact there is very little in our diet to-day that is rich in vitamin B. In all probability we are fairly safe with a fairly sufficient amount of fat-soluble vitamin.
Taking the rat's life as lasting three years and that of the human subject at an average of sixty years, I must multiply my findings by twenty, and if it takes a rat some thirty weeks to develop signs of deficiency a human being will be between 20 to 25 years of age before any symptoms might occur. But according to my findings it is somewhere in the region of sixty weeks that I observe the most marked change; this when multiplied by twenty brings us to that period of life in the human being at which rheumatoid arthritis is most common. I am well aware that we frequently come across a very serious form of rheumatoid arthritis, the adolescent form, at a much younger age, but the most common type is that occurring between the ages of 40 to 50, and then the next most common, which I call the senile type with marked deformity and little pain, coming on about the age of 60. The point which I feel sure is uppermost in our minds is, what is a proper amount of vitamin B of some specific known material that is sufficient to prevent the changes which I have described in my experimental animals? It was difficult at first to find a material which was palatable and fairly constant in its vitamin B content. Whole-ground wheatmeal was first of all tried; the loss of a number of animals proved this to be very toxic. Next, yeast was tried and it was found to be unpalatable; was not always constant in its vitamin B content, and thus could not be standardized. Wheat germ was then tried; this was found to be extremely toxic and I therefore consulted Professor Mellanby of Sheffield, who stated that his results were similar to mine. But after various experiments the toxicity of the embryo was overcome and my standard vitamin B content is now a detoxicated wheat embryo which keeps almost indefinitely and is constant in its vitamin content. I have myself been taking this now for about two years without ill effect, in fact the results have been more than I ever anticipated. One tablespoonful daily is sufficient for an adult, and for a child two teaspoonfuls per day will yield the desired result. Milk of course, at one time, when our cows were properly fed, was a great source of vitamin B for our children, but to-day it is only for a short period that our cows are fed on any food which is likely to benefit the milk derived for this vitamin B. I am hoping that Professor Plimmer will give us some figures which will prove the fallacy of people who think that if they eat one or two pieces of wholemeal bread they are saved from all 47 diseases. We know that 2 per cent of detoxicated embryo is not sufficient even to keep the body together-at least 4 per cent. in my opinion is required, but these figures I will leave to Professor Plimmer. The conclusions at which I must arrive is that a large number of presentday ailments can be explained by the sections and specimens that I shall be exhibiting for your opinions this evening. Lastly, vitamin B is not cumulative, as in the case of the fat Sol.
RELATIONSHIP BETWEEN RHEUMATOID ARTHRITIS AND VITAMIN B DEFICIENCY. Now, -what is, if any, the relationship between rheumatoid arthritis and a vitamin B deficiency ? I have taken you a long way round to come home, but had we taken a short cut home there would have been very little left for discussion. Most of our cases of rheumatoid arthritis occur amongst our female patients; in about 80 per cent. of the cases sent to me the patients are women. We know that for various reasons intestinal disorders are more common in women. The period at which the disease sets in is fairly constant, namely, between the years of 40 to 50. This is the age at which deficiency would show itself most.
SIMILARITY OF VITAMIN B DEFICIENCY TO A NERVE DISEASE.
We who work with animals all know that one symptom constantly present in vitamin B deficiency is paralysis. In rheumatoid arthritis a joint commonly involved is the knee; before the pain becomes centralized in the knee the patient will, in most cases, complain of tingling or numbness around the joint; wasting of the vastus internus sets in, and there are marked areas of hypermsthesia above the knee-joint, and also on the outer part of the leg. We know that the nerve to the vastus internus supplies the knee-joint, or at least, its synovial membrane. There is no wasting of the rectus.
The Shoulder-Joint.-The patient often complains of pain over the deltoid before there are any marked bony changes, and if you try the sensitive areas with a sharp pin you would always pick out that area of skin which is supplied by the cutaneous branch of the circumflex. The circumflex, of course, gives a large branch to the joint as a trophic nerve.
The Hand.-The marked wasting of the interosseous muscles and of the thenar eminence supplied by the deep portion of the ulnar-nerve. There is never any wasting of the hypothenar eminence. If the wasting were due to disuse why should some muscles be involved and not others ?
,ETIOLOGICAL CONCLUSIONS.
(1) The absence of any organism in the blood, in the joints and in the tissues of the patient is strongly in favour of the disease being of toxic origin. The high percentage of cases, namely, 96 per cent., in which there is bacilluria, constitutes strong evidence of the disease being the results of bacterial products.
(2) Other conditions accompanying rheumatoid arthritis are the distended stomach, constipation, etc.
(3) The similarity in the anatomical change in almost all cases is remarkable. Some radiograms of the feet will illustrate this.
(4) Injury is a predisposing cause as to which joint will be involved.
(5) The disease is one of civilization and on the increase, such increase being consistent with the changes in our diet during the last 100 years. First, due to bread; secondly, due to the introduction of cake feeding to our stock. CONCLUSIONS AS TO TREATMENT. I see two members of our profession in my audience who consulted me for acute rheumatic pains. A sample of urine was taken from them and was found in both cases to be teeming with Bacillus cOl; they were placed on a concentrated vitamin B diet and they soon got well. From one of the patients we were not able to secure a second specimen of urine; from the other a second specimen was procured and immediately the pain ceased, the urine was sterile on culture on every occasion.
We all know by experience that massage, electricity, thermal and drug treatment have done but little to help our patients. My results justify the form of treatment that I advise. First, look for all sources of infections, in the nose, throat, teeth, sinuses, urine, stools, etc., and remove these as far as possible; secondly, immunize our patients against the results of infection, and above all place them at once on an excess vitamin B diet.
Lastly, to quote the words of Professor Willstatter mentioned in his recent Faraday Lecture, " if what I have done, be it right or be it wrong, leads to a discussion that may lead to further research work, then I feel I have achieved something." 1717 1PROCEEDINGS OF THE ROYAL SOCIETY OF MEDICINE 48 Rowlands: Rheumatoid Arthritis: Is it a Deficiency Disease?
Dr. ROWLANDS then showed a series of slides by means of the epidiascope:
(1) Normal cecum of the rat, the section having been cut in the region of the ileo-cscal valve ( fig. 1 ).
(2) CEecum of a thirty-five-week rat, x 10.
(3) Thirty-five-week rat on a partially deficient-vitamin diet ( fig. 2 ).
(4) A rat after eighty weeks' deficiency diet ( fig. 3 ). That rat was given 2 per cent. marmite. At this stage, staining for organisms was not thought of; the search was for intestinal stasis. This showed that the whole cecum had changed and that the muscle had wasted.
(5) No. 1 animal with normal ceecum, x 120. (6) The cEecum of a rat on thirty-five days of deficiency diet, x 120 ( fig. 4 ). This showed marked changes, not only in the mucous membrane, but also in the areolar tissue of the two outer muscles, and in the circular muscles.
(7) The cEecum of a rat after eighty weeks' deficiency feeding, x 230, and next the normal ciecum of a rat x 230 ( fig. 4A ).
(8) The whole ceecum of a rat fed for thirty-five weeks on a partially deficient diet, x 230.
The muscular tissue and mucous membrane of the normal animal were twice this dimension.
(9) A normal colon, x 15 ( fig. 5 ). Not less than fifteen or twenty animals were killed at a time, and every third animal was examined in order to ensure accuracy.
(10) A colon after thirty-five weeks' deficiency feeding, x 15 ( fig. 6 ). Already changes in it were beginning to be marked. Animals could not be kept alive on a diet which was completely deficient in vitamins.
(11) A colon after eighty weeks of partial deficiency feeding ( fig. 7) .
(12) The colon of a normal rat, exhibiting the mucous membrane in more detail, x 150.
(13) The colon of a rat fed on a partially deficient food, x 150. Already changes were taking place, even in the muscle.
(14) An eighty-week deficiency-fed rat, showing more marked changes taking place, X 150.
(15) The same magnified 500 times, distinctly showing the cell-disintegration.
(16) A series of skiagrams of deficiency-fed and non-deficiency-fed animals. The first was of a normal stomach, fed with barium sulphate, taken three and a half hours after the meal ( fig. 8 ). Next, for comparison, a rat fed on a deficiency diet for twelve weeks only ( fig. 8A ). The stomach had dropped and was distended to about three times the normal. Rat had recovered after proper feeding, and was exhibited at the meeting. It had been on full vitamin B diet for the past fortnight, and the shininess of the coat was returning, the animal being well and energetic.
(17) A skiagram taken twenty-four hours after a meal showed an expulsion more rapid than that occurring normally (figs. 9 and-10). Dr. Finzi had said that in the case of these dilated stomachs there was first a reflex irritation and a rapid expulsion of contents, and then delay.
(18) A normal rat at forty-eight hours; no food was seen in the rectum, nor in the descending colon ( fig. 11 ).
(19) An abnormal rat at the same interval; it passed the bismuth on the fourth day, whereas in the normal rat none remained after the third day (figs. 12 and 13).
(20) With regard to the question of micro-organisms, he next showed an animal which had-received an admixture of pneumococci in its food. The lymphoid tissue was full of micro-organisms.
(21) The intestine of a rat fed for twelve weeks on a deficiency diet and micro-organisms. He showed a view (x 1,000) in order to demonstrate the micro-organisms. Not only had the micro-organisms found their way into the tissues, but they were growing there. Mere feeding would not have given such good preservation of the organisms. The streptococcus was much easier to demonstrate than the pneumococcus or the staphylococcus (figs. 14 to 17). (22) A series of about one hundred skiagrams of the feet of cases of rheumatoid arthritis were then shown, and in every instance the osteophyte indicated some part which bore the stress of walking, mostly the inner side of the great toe. He believed it was a question of nerve irritation. Di8cu8sion.-Dr. ETHEL BROWNING said that the histological and bacteriological findings in the course of this work on rats had been very definite and conclusive. Professor Swale Vincent had kindly examined some of the slides which Dr. Rowlands and herself had considered the most important and had confirmed their opinions in each case.
In the beginning they had intended to concentrate chiefly upon the cecum, as being that part of the intestine in which changes due to B-vitamin deficiency would probably be most in evidence, but they had soon found that the rest of the intestine shared in these changes, and therefore they continued their investigation on the ceecum'and large and small intestine.
There was one small point in the actual dissection of the rats which Dr. Rowlands had asked her to mention. In making cultures of the urine of normal rats they had found that, considering the small size of the animals, the best way to secure any urine for culture was to remove the whole bladder by cutting just below the neck with sterile scissors and dropping the whole organ into a tube of broth, which was incubated for twenty-four hours and then plated on to MacConkey's agar. In the ordinary way one would naturally expose the bladder by opening the abdomen in the middle line, but they suspected that by this method the outer surface of the bladder was likely to come into contact with falling hairs from a region sure to be highly infected with the organisms consistently found in the cultures from these particular animals. She had therefore opened the rat by a rectangular incision commencing at the right side, immediately below the thorax, cutting straight across and down both sides, holding the apron-flap so produced well away from contact with the abdominal contents, and pinning it down so that no external infection could possibly reach the bladder. Using this method they had found that in every case, in the rats fed on normal diet, the urine was sterile.
After the bladder had been removed aseptically, the presence of peristalsis was looked for. In normal animals it was strongly marked, the waves passing regularly without any stimulation, but in the deficiency-fed rats it was practically absent, only a few feeble waves being elicited by tapping the intestine. From every animal a portion of the transverse colon, and one of the cecum, from just below the ileo-cEecal valve to within a quarter of an inch of the blind end, were removed and placed in 50 per cent. alcohol, then (through successive stages) in absolute alcohol, equal parts of chloroform and carbon bisulphide, and la-stly in paraffin wax, melting point 63' F. Then, after blocking, sections were cut with a Cambridge rocking microtome and stained according to the examination required.
For ordinary tissue staining hoematoxylin and eosin were used, for comparing the thickness of the muscular coats heematoxylin and van Gieson, and for showing the presence of organisms in the tissues Gram's iodine, counter-staining with neutral red. In all the deficiency-fed animals the same difficulty in cutting and staining had been experienced; all the sections were more fragile than in the normal animals, and all showed some deficiency in staining.
In the csecum and colon of the animals fed on an emulsion of organisms the greatest difficulty encountered was that of preventing over-decolorization of the organisms. It was found necessary to avoid using alcohol, and to decolorize with a mixture of aniline oil and xylol. In making use of the intestines of pigeons and chickens, kindly sent to them by Professor Plimmer, it had been impossible to try to demonstrate the presence of organisms, since a fairly long interval had usually elapsed between the death of the animal and their reception of it. On this account, too, the tissues were difficult to block and cut successfully, but in all cases of deficiency-fed animals the same general histological changes in the intestinal wall were found to be present.
One or two other points might be worth emphasizing in relation to the effects-macroscopical and microscopical-produced by B-deficiency feeding:
(1) Rats fed on absolute B-deficiency for three weeks were small and in poor condition, but had not developed symptoms of beri-beri. Intestines (macroscopically) thin, flabby and shrunken, cfecum not dilated. No trace of abdominal fat present. Microscopically, chief changes shown in mucous and areolar tissue-loosening and vacuolation. No organisms found.
(2) Rats fed for a long time on a B-deficiency diet, containing a sufficient percentage of marmite to keep them alive, developed an abnormal amount of abdominal fat. (This was seen also in hens fed on marmite, 5 per cent.) Peristalsis was again poor or absent, and microscopically, the ceecum, more strikingly than the colon, showed the same changes in structure as were found in absolute deficiency rats. In these long-standing cases microorganisms (chiefly diplococci) were found in the mucous and areolar tissue.
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(3) Rats fed on a very small percentage of marmite, followed by a period of absolute deficiency, showed very rapid deterioration, accompanied by paralysis and lack of orientation, almost complete loss of appetite, diseases of skin and eyes, and complete absence of growth. On their being supplied with vitamin B, recovery was extraordinarily rapid, with return of appetite, increase of weight, and remarkable improvement in general condition.
Professor R. H. A. PLIMMER said he could not, as a simple chemist, discuss Dr. Rowlands' interesting paper from the medical and pathological side. Dr. Rowlands' results were wonderful, and must open the way to many other aspects of chronic disease in connexion with vitamin deficiency.
He had known of Dr. Rowlands' work for a long time and had felt it gave just that final touch to the observations of Dr. Rosedale, Mr. Raymond and himself, made during the past six years, on the balance of food by vitamin B. Their experiments had been made upon birds and rats, and the po8sibility of applying the conclusions to human beings had been questionable; the research and clinical experience of Dr. Rowlands supplied that missing link which justified the belief that the effects of a diet containinzg some, but not enough, vitamin B, were the same in birds, rats and man.
Last year he (the speaker) had the pleasure of bringing their results before the Society. They had used a diet in which dried yeast was the only source of vitamin B, and had found that the minimum quantity of dried yeast for the maintenance of birds was 4 per cent. of the dry weight of the food.
On 1 per cent. of dried yeast the birds died quickly from polyneuritis, i.e., beri-beri. On 2 per cent. they lived a long time but were obviously very unhealthy. On post-mortem examination they were found to be loaded with fat, and to the naked eye the intestines and appendices were abnormal. Their hearts were enlarged. Dr. Pulvertaft had some specimens of these hearts to show and would describe the pathology.
On more yeast, 4 per cent., the birds lived for a longer time, but were not altogether normal. On still more yeast, 6 per cent.; they were quite fit.
It had been their object also to find out how much of ordinary foodstuffs was needed to maintain a bird (pigeon) for a long period, and the following data had been determined: 
,
Fruits, such as apricot, apple, or banana, would not maintain a bird, neither would vegetables, such as cabbage, carrot, or onion. These were all very poor in vitamin B. Their findings were not in accord with the high value assigned to these foodstuffs in the report of the Medical Research Committee on Accessory Food Factors. Neither could they agree with the statement made in this report that " The deficiency in white wheaten bread is under ordinary conditions made good by the varied diet enjoyed by Europeans."
Variety was no safeguard if the various foodstuffs were all poor in vitamin B. He (the speaker) had estimated that the ordinary everyday diet only supplied approximately twothirds of our full requirement of vitamin B. We did not get beri-beri, but intestinal trouble and heart trouble were common troubles in almost every household.
To get the full supply of vitamin B in our diet, the only practicable way was to use wholemeal flour, not only in bread but also in cakes and puddings. The only alternative to wholemeal would be to add large quantities of marmite or wheat germ (temax) to the ordinary diet. One roll of wholemeal bread a day was not enough, it was not a magic charm but a question of quantity and balance. For this reason peas and beans might be excluded from the reckoning, as they were only occasionally eaten and then in small quantities. Again, one egg supplied little vitamin B. To derive an adequate supply from eggs half the diet would have to be eggs. The requirements of birds and man for vitamin B corresponded closely. It was known that for birds 40 per cent. barley was required and for man at least 30 per cent. (From experiences with feeding the Japanese Navy.)
The effect of a continual slight shortage of vitamin B was stagnation of the contents of the intestine. It was the custom to remove the stoppage by pills or salts. During stoppage some sort of ptomaine was formed (from decomposing protein), and the daily absorption of a little of this toxic ptomaine produced the heart trouble and other troubles.
Professor J. C. DRUMMOND said that Dr. Rowlands' paper focused attention on that borderland of disease which those who worked on nutrition realized to be of s8dhimportance. It was an erroneous assumption, widely held and dangerous, that a moderately varied diet afforded protection from vitamin deficiency. It was easy to compile a varied diet sheet which might be very deficient in necessary vitamins. That fact had been well established by McCarrison's experiments on monkeys, and by Dr. Rowlands' researches. Those who worked on the purely scientific side of vitamin deficiency frequently imposed almost complete deficiencies, which inevitably produced a serious condition; and seldom used animals which had been partially deprived of vitamins. The seriousness of the condition produced in animals by a partial deficiency was illustrated by experiments on the fecundity of the rat; on such deficiency there were changes in the fertility and in the sex-ratio of litters bom duriDg a chronic condition of under-nutrition in the parents.
Thinning of the intestinal wall was an important fact to have established, and the easier penetration of that wall by micro-organisms in such under-nourished animals was very convincing.
Retardation of peristalsis in Dr. Rowlands' rats seemed to have been established, though this finding was not quite in accord with the results of his (Professor Drummond's) own experiments on pigeons. He thought that the explanation of the difference was that in the pigeon there was a rather complex nervous mechanism, by which the opening and shutting of the crop influenced the movements of the lower gut.
The position at present was somewhat complicated by the fact that the question of vitamin B was in the melting pot owing to the discovery of at least two factors being concerned in the physiological action of yeast. In the light of this discovery some of the accepted figures, such as those given by Professor Plimmer, might have to be revised. The antineuritic substance, the absence of which probably produced the changes Dr. Rowlands described, was very much more concentrated in wheat embryo than in yeast.
With regard to the relation of Dr. Rowlands' experiments to the question of rheumatoid arthritis, he asked whether the joints of the rats in question had shown arthritic changes. He asked this because, having observed the rats which Dr. Rowlands kept in the animal house at University College, it now occurred to him (Professor Drummond) that after being a long time on this deficiency they showed stiffness at the joints. He remembered having observed stiffness in the limbs of experimental rats fed on food deficient in vitamin A, yet for years no one thought of examining their joints. Had they done so the modern views on rickets would have been elaborated years earlier.
He thought the most striking result of these experiments was the clear proof that under this prolonged nutrition on a deficiency diet the animal was placed on the border-line of disease for a long time, so that its generally lowered resistance made it an easy prey to any infection to which it might be exposed.
Professor SWALE VINCENT said that the changes in the intestine following the prolonged shortage diet were very striking, and he could not understand how anyone who had examined the alimentary canal of animals which had been kept on such deficiency diet could have overlooked such definite atrophy. The effect, indeed, was precisely as if one had Cut the nerves. Dr. Rowlands spoke of the " trophic nerves." Every nerve was a trophic nerve, and it would be difficult to know which change had come first in this case. Disuse of a muscle would cause it to atrophy; atrophy of a skeletal muscle was brought about more quickly by cutting its tendon than by cutting its nerve. Therefore in these cases the atrophy might have been caused by the stasis, and not the stasis by the atrophy. The changes were very evident, and it did not need an expert histologist to verify Dr. Rowlands' conclusions.
Dr. Rowlands had referred to the passage of organisms into the lymph channels, and he had shown the speaker a slide in which, he thought, organisms were to be seen in the lacteal radicles of the villi. He (the speaker) agreed that this was where the organisms were situated, but unless one devoted a good deal of time to the examination of serial sections it was difficult to be sure about this. He thought the organisms showed signs of wandering along the lymphatics, rather than in the blood-vessels.
Dr. R. J. V. PULVERTAFT said that he merely had to report on certain changes in the hearts of some chickens experimented upon, for which purpose the hearts had been sent to him. He had received thirty such hearts. Four of them were from normal chickens, -the other twenty-six were from chickens which had been fed for varying periods on deficiency diets. The earliest changes were seen after two months of deficiency dieting, the latest after seven months of it. In all the cases the changes were the same. In nineteen of the hearts no changes were shown, in seven the changes he was about to describe were in evidence. First, he looked for signs of fatty degeneration, as Professor Plimmer had noted that these hearts were very fat indeed. In sections cut and frozen and stained with Sudan 3, he never found fatty degeneration proper, but there was a marked increase in the amount of fatty tissue between the muscle fibres.
The significant pathological changes he found were seven in number in the animals examined. Three were cases of fibrous reaction, interstitial fibrosis and degeneration of heart muscle fibres. Five showed a condition to which he had given particular attention, and upon which he would like opinions to be expressed. He saw areas, roughly oval in shape, in which there still remained certain vestiges of heart muscle, atrophied and fibrosed.
These lesions were in relation to the blood-vessels. The cells of those were, for the most part, small lymphocytes, and with them were some large endothelial cells. It was simply an exudate between the heart-muscle fibres. In four or five cases there was only one lesion, in the fifth case there were many such lesions. In all but one case the lesions were in the muscles; in that remaining case they were present in the pericardium.
One or two points required discussion. As these animals were chickens, the question had arisen as to whether it was the infective leukemia of chickens, but this disease could be excluded. The blood-vessels, in most cases, were crammed with cells, but there were only one or two white cells among the red, whereas the ordinary ratio in infective leukfemia of chickens was that of two red cells to one white cell; also in these particular chickens the liver condition seen in that disease was absent.
In rheumatic states the Asehoff body was described. He showed an illustration which exhibited the condition to which these hearts bore the closest analogy. It was that of a specimen taken from the heart-muscle in a case of Graves' disease, which was illustrated in Brain, in 1925. And there was a close relationship with myasthenia gravis.
The next slide showed a section from an eye muscle. It was said that these lesions were difficult to find, and that in many sections they were missed; he had himself missed them in two or three of the series, buLt had picked them up on entering further into the section. In preparing sections in the future it would be necessary to examine, especially, the thyroid gland, and muscle other than that of the heart, for the presence of lesions, as these other lesions might prove to be very important.
Professor R. A. PETERS said his experience in this connexion was entirely with pigeons as a test for the concentration of the anti-neuritic factor in vitamin B, i.e., one of the factors to which Professor Drummond had alluded. There were only two points which he could usefully make in this discussion.
He supposed it was fairly clear that the general population suffered in a greater or less degree from vitamin deficiency, and that being so, the question arose as to why a certain proportion suffered from rheumatoid arthritis, while the others did not. It argued some essential difference in the two classes. In the work which he and his colleagues had recently been doing, it had happened, on one or two occasions, in working on yeast concentration, that on arriving at a time when there was a purer substance, the activity was greater than in the original yeast. There seemed to be something which was cleared out, something which exerted an inhibition on the vitamin. That might possibly be connected or correlated with the availability, in the intestine, of the material. It was a question whether digestion could play a part in selecting these persons in a special way if their condition 1 732 PROCEEDINGS OF THE ROYAL SOCIETY OF MEDICINE Section of Comparative Medicine 63 was due to vitamin deficiency. Was it possible that certain people could not normally digest certain of their food materials, so that they had not the benefit of a due absorption of those factors ?
The other point which occurred to him was concerned with bacteria. He thought it was an established fact that particular bacteria would synthesize vitamin B. Other bacteria probably would destroy it. The question whether, even if vitamin was present in the intestine, it was properly used, in the presence of the intestinal bacteria, must be an important one.
Dr. VINCENT COATES (Bath) said that Dr. Rowlands had not made himself clear as to which types of non-suppurating arthritis he was referring to. " Rheumatoid " was a generic term. He had not understood whether Dr. Rowlands denied the question of infection. If this were so it would mean denial of the usual significance assigned to pyrexia, hot swollen joints, enlarged glands and spleen, and leucocytosis.
Dr. Rowlands had made a valuable suggestion that vitamin deficiency might be one of the missing links in the preparation of the soil for infection, and he (Dr. Coates) would, in future, consider each case most carefully with regard to the vitamin deficiency factor. He asked what was found in the joints of the rats which had been experimented upon. If those rats had joint conditions similar to those found in non-suppurative arthritis, it was very good evidence that there was an association between the deficiency factor and the arthritis, but if such changes were absent he failed to see the connexion between rheumatoid arthritis and vitamin deficiency.
As to whether or not infective arthritis was a blood infection, the evidence was all in favour of its being so, because the histological characters of a subcutaneous node from such cases showed that the node was due to a vascular lesion.
Dr. W. CRAMER said that one of the most characteristic changes which occurred when there was a deficiency of vitamin B was the change in the lymphoid tissue. He suggested that Dr. Rowlands should have blood-counts made both in his animals and in his patients, in order to discover whether there was a lymphopenia; he (the speaker) and his colleagues had observed it regularly in incomplete vitamin-B feeding. A decrease in temperature was also a characteristic change. Possibly the infection which Dr. Rowlands had observed was a result of this fall in temperature; animals which had been previously resistant to infection could be infected if means were adopted to lower their temperature. In ordinary vitamin-B deficiency, infection did not occur; in this respect it was different from vitamin-A deficiency, for in that condition there was always infection.
The statement that vitamin-A deficiency diminished resistance to infection was only partly true. Dr. Kingsbury and himself had carried out experiments in which bacteria had been subcutaneously injected into animals with vitamin-A deficiency. These animals had been able to dispose of the bacteria as well as normal animals did; both were tested with regard to the production of bacteriolysins and there was no difference. Nevertheless, all these animals became infected spontaneously without any feeding with bacteria. He thought that the mechanism responsible for this infection was a defective mucous membrane activity. WVith vitamin-A deficiency, but not with acute vitamin-B deficiency, there was a very definite atrophy of the secretion of mucus from the lining membranes of the respiratory tract and from the alimentary tract. Two or three years ago he had shown, at a meeting of the Society, slides of the intestines of rats kept on a vitamin-A deficiency diet in which the bacteria could be seen crawling into the empty mucous cells of the intestine. One of the most characteristic and constant lesions in vitamin-A deficiency in animals was an infection of the lungs, and there was also disease associated with atrophy of the lachrymal glands of the eye. Some of the preparations now shown by Dr. Rowlands so closely resembled those which he (the speaker) had shown as resulting from a diet deficient in vitamin A that there might have been in Dr. Rowlands' animals a combined deficiency of vitamins A and B. He (Dr. Cramer) wondered whether Dr. Rowlands had given cod-liver oil abundantly to these animals or whether he had relied entirely on butter-fat.
On the whole, Dr. Rowlands' observations were in striking agreement with those of Colonel McCarrison and himself, some of which had been placed before the Society.
Miss H. CHICK said that after listening to the discussion, she felt, as one who was engaged in research upon the relation of vitamin B to nutrition, that there was need to emphasize the fact that our knowledge of the subject was still very uncertain and incomplete. One should be very cautious in applying the results obtained from the study either of 1 788 polyneuritis in birds or of growth in rats to the problems of human diets, and at the present time it was premature to urge any radical changes in human dietary on the basis of such experiments. It was now established that what had previously been called vitamin B consisted of certainly two, perhaps three, different things, and that the substance which cured the polyneuritis of pigeons was only part of what people wQrking with rats had called vitamin B, or water-soluble B.
Evidence had come from the work of Goldberger and his colleagues, in the United States, that one constituent of the so-called vitamin B, other than the antineuritic vitamin, was concerned in the prevention of human pellagra. It might also have much to do with the maintenance of the health of the alimentary canal. Attempts to separate the constituents of vitamin B had led her to believe that the pathological condition of the alimentary canal seen in animals which had been deprived of vitamin B was, probably, not due to the absence of the constituent which prevented the occurrence of polyneuritis in pigeons. This other constituent had not yet received a special name.
It was important at the present time to discourage dogmatic statements which, emanating from learned societies, might get into the lay papers and possibly mislead the public. The right course was to await the results of the various researches on the subject which were now being conducted on both sides of the Atlantic.
Dr. TOM HARE said that the value of Dr. Rowlands' animal experiments per 8e had been estimated by those qualified to express opinions upon the vitamins; it was upon their correlation with certain clinical observations of human arthritis that he (the speaker) would offer a few remarks.
He understood Dr. Rowlands' main proposition to be that rheumatoid arthritis was due to absorption of toxins from a large intestine, the resistance of which had been destroyed by a, vitamin-B deficient dietary. The data upon which this notion had been founded were (1) experimental, and (2) clinical. Thus, in the first place, Dr. Rowlands found that experimental animals reduced to a state of ill-health by vitamin-B deficient dietary, revealed evidence of certain retrogressive changes of the large intestine, together with a bacilluria; and secondly, that a bacilluria was found in 100 per cent. of a series of human arthritics. He gathered that these two series of observations were further correlated upon the successful removal of the bacilluria, both in the animals and the arthritics, by vitamin-B therapy. He asked whether in the case of the human patients, controls by means of other arthritic therapeutic agents for the removal of the bacilluria, e.g., foreign proteins, hormones, heat, massage, etc., were tried ? Might he conclude that Dr. Rowlands did not regard his course of anti-bacilluric therapy as specific? Did he suggest that a bacilluria was invariably present in rheumatoid arthritic patients ? If so, when, in the course of the arthritic disease, did the urinary changes begin ? If the notion were correct that the arthritic process was due to the secondary intestinal toxiemia, then the onset of rheumatoid arthritis must invariably be preceded by a period of ill-health; but was this in accord with the experience of clinicians ? These questions required a definition of rheumatoid arthritis: Dr. Rowlands had given some evidence of the ages of his patients, and of the X-ray pictures of some of the affected joints, and upon that evidence he (the speaker) would suggest these patients were manifesting the connective-tissue metaplasia characteristic of osteo-arthritis. In a recent publication I the strength of Sir Archibald Garrod's notion of osteo-arthritis as the end-result of various forms of active arthritis had been emphasized; and an endeavour had been made to show that the hyperplastic, metaplastic, and atrophic "changes known as osteo-arthritis, were the sequelfe of any of the agents (e.g., bacteria, toxins, trauma, etc.) known to be capable of effecting local injury in the vascular connective tissues. To this list of causes of osteo-arthritis the rheumatoid factor was added, the term " rheumatoid arthritis " thus being reserved for those cases which manifested the accepted clinical phenomena of rheumatoid arthritis, but for which no specific cause had been determined. It was only rendering a difficult problem more confusing to include as rheumatoid arthritis cases of acute or subacute arthritis and fibrositis, the causal agent of which might be shown to be a known bacterium, toxin, etc. For instance, the signs typical of rheumatoid arthritis might arise because a streptococcus had escaped into the connective tissues from a septic throat, and yet pass off if the primary focus I Hare, T., "An Investigation of the Etiology and Pathogeny of Equine Chronic Arthritis (Rheumatoid Arthritis)," Veterinary Record, 1927, vii (n.s.) , 411 and 431.
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was quickly cleared up-such a case belonged to the infective group of the known specific arthritides. So long as clinicians were able to differentiate a distinct type of arthritis from the arthritides of known specific cause, and so long as its causative factor remained undetermined, its retention under the term "rheumatoid arthritis " was justified; consequently he (the speaker) defined rheumatoid arthritis as a disease of the vascular connective tissues, tending to chronicity, and probably specific, but due to no specific cause yet known.
He (the speaker) had also endeavoured to show that the pathogenic activities of the rheumatoid factor in the vascular connective tissues were of sudden onset and of transitory duration; and might manifest themselves (i.e.; the so-called clinical exacerbations) in the old foci or in new foci by the cardinal signs of inflammation. Therefore he would suggest first, that it was only at the onset of the initial *,ttack-or of an exacerbation-that investigation into the Eetiology of rheumatoid arthritis could afford reliable information; and, secondly, that when Dr. Rowlands' patients presented themselves for examination, the causative factor, assuming it to be the rheumatoid, had long disappeared.
Assuming his (the speaker's) definition to be correct, and this osteo-arthritis manifested by Dr. Rowlands' patients to be of rheumatoid origin, he advanced as an alternative to Dr. Rowlands' deductions that the intestinal toxemia and the bacilluria were the result of, or coincident with, but not the cause of, the arthritis.
In the light of this explanation, together with the fact that no controls of the vitamin B therapy against the bacilluria were recorded, he failed to find wherein Dr. Rowlands was justified in correlating his clinical with his experimental experiences.
Dr. J. F. HALLS DALLY said that thus far little direct evidence of pathological changes in the joints during a period of vitamin-B deficiency had been adduced. The crux of the matter appeared to be this: If, in the joints of experimental animals subjected to a definitely devised vitamin shortage or deprivation, changes were found which, macroscopically and histologically, corresponded with those which were universally acknowledged to occur in rheumatoid arthritis, a probable causal association of a certain type or types of vitamin shortage or deprivation with rheumatoid arthritis would have been established.
Dr. Rowlands had told him that joint-swellings had been observed in certain of the animals, but that the time interval required for the production of further changes in the joint tissues rendered the investigation difficult, and a more extended inquiry was therefore necessary.
He (the speaker) submitted that Professor Plimmer's use of the term " deficiency," to indicate absence of vitamin in a diet, was likely to lead to confusion. Deficiency meant inadequacy, i.e., not having a full supply, and was equivalent to shortage. If complete absence was meant, would it not be better to use the term "deprivation" ?
During the past two centuries a systemic disposition to particular diseases or " diathesis" had been recognized by physicians. This conception, however, became swamped by discoveries in bacteriology and pathology, and " diatheses " went out of fashion, only to appear later in -modern biochemical and bioclimatic form as the expression of an individual lack of immunity consequent upon some metabolic defect or excess. Thus " constitution " can now be assessed in terms of biochemistry, and " diathesis " holds a wider, though more precise, significance than it did in the eighteenth century.
Of diatheses, the " rheumatic " was one upon which increasing attention was being directed. From the essential unity of the pathological joint changes which occurred in acute and chronic forms of rheumatism, blending into or alternating with one another as they did under the influences of age and constitution, it would appear reasonable to predicate a unity of origin, and he (the speaker) would suggest that such was to be looked for in errors of metabolism. The first group might be called " endocrine." I. With the onset of puberty and the endocrine adjustments necessitated by the advent of gonadic activity, rheumatic symptoms of childhood blended with those of adolescence. In the adult, acute muscular might alternate with acute articular rheumatism, and in rheumatoid arthritis Coates and Gordon had shown that the frequency of antecedent rheumatic fever was greater than could be accounted for by its general incidence in the population. Llewellyn, too, had pointed out that, like acute rheumatism, rheumatoid arthritis was linked with states of hypo-and hyperthyroidism and with deficiency of ovarian and pancreatic secretions. It was becoming appreciated that administration of various hormones, especially of small doses of thyroid and parathyroid glands, produced definite benefit, whilst withdrawal was followed by recession of the disease. So-called " climacteric " arthritis was of this type, but, since the clinical manifestations were not peculiar to the menopause, in a recent discussion at the Section of Balneology' the speaker had advocated the term " endocrine arthritis " as being in accord with what he believed to be the true etiology. Links between the more defined conditions were to be found in the occurrence of tetany, migraine and Raynaud's disease, and a considerable mass of evidence had now accumulated which went to show that the underlying element for a large group of rheumatic disorders which manifested a failure of adaptation to environment, climatic and general, as a result of lowered metabolism, was to be found in a condition of subthyroidism with suboxidation.
The suggestion was, therefore, that the endocrine and trophic defects, already referred to, with the associated intestinal atrophy and stasis, originated from a basis of malnutrition caused by a diet insufficient either in quantity, or quality, or both, particularly as to the content of particular vitamins. An interesting sidelight on Dr. Pulvertaft's remarks was afforded by the recent emphatic statement of Dr. Arbour Stephens that bad feeding was the chief disposing cause of heart disease in children, or in other words, the heart disease was a deficiency disease due to the lack of food containing lime as well as vitamins. This absolute statement might need some qualification, but in the main it accorded with the views expressed as to changes in cardiac nutrition found after vitamin-B deficiency.
II. Another group, also of metabolic origin, was in essence biochemical, arising from inherent defect in capacity for assimilation, even if the diet was sufficient both in quantity and quality. This group, according to Dr. Henry Ellis, was associated with a diminished urinary excretion of phosphoric acid. Such patients exhibited an "alkaline " type of constitution, with small hearts, diminished peripheral tone and consequent hypopiesis, both systolic and diastolic, which seldom attained normal limits. The differential pressure being low, these patients had a sluggish circulation with cold* extremities, general lowering of vitality, intestinal stasis and toxaemia.
III. The third type of metabolic error was opposite to the former two. It was either constitutional or acquired, and consisted in retention of waste katabolic products by reason of faulty elimination. These subjects were of the " acid " diathesis, and tended to develop osteoarthritis, frequently monarticular and hypertrophic, in contradistinction to the two former types of multiple and atrophic rheumatoid arthritis. Other important contrasts were found in the association of high arterial pressures, arterio-sclerosis and large hearts.
Finally with regard to the question, "Is rheumatoid arthritis a deficiency disease ?" he (Dr. Halls Dally) was of opinion that vitamin deficiency would probably be found to be only one of several factors concerned in the etiology of rheumatoid arthritis.
Sir WILLIAM ARBUTHNOT LANE said he bad devoted much attention to the study and treatment of rheumatoid arthritis and was familiar with its various clinical manifestations. Long ago he had realized the fact that rheumatoid arthritis, like many other diseases, resulted from a lowered resistance due to infection of the food contents in the small intestine by organisms which had invaded it from the large bowel. This ascent of organisms from the large bowel was produced by an accumulation and stagnation of faecal matter in it; in other words, it was the result of habitual constipation.
Dr. H. A. ELLIS said that though vitamin deficiency might sometimes be an activating cause of rheumatism the primary constitutional condition was biochemical. There were three types of constitution: (1) That in which intake and output were balanced (normal);
(2) that with insufficient intake (assimilation error); (3) that with restricted capacity of output due to incompetence in getting rid of waste (elimination error).
Rheumatism did not often attack the normal type, but was usually confined to the other two groups, in both of which there was a tendency to deficiency of phosphoric acid as shown by urinary analyses. This was the more remarkable because in the elimination error cases there was an excess of acidity as well as an excessive specific gravity until the kidneys began to fail. In the assimilation error group also, this phosphoric acid deficiency was out of proportion even to the general deficiency. The incidence of rheumatic symptoms in each class was quite distinct; in the assimilation error type they usually began with the small joints (rheumatoid arthritis); in the elimination error cases they were usually connected with the larger joints (osteo-arthritis). The group of cases described as the climacteric variety, activated by thyroid deficiency, largely belonged to this second class.
[Tables were shown giving the urinary analyses of (1) an average normal individual,
(2) a patient suffering from typical osteo-arthritis with excess ratio of output, (3) a patient 1 Proceedings, 1927, xx (Sect. Baln.), 12. 67 suffering from arthritis deformans with deficiency of intake. In (2) and (3) there was a deficiency of phosphates.]
In dealing with the deficiency of vitamin B in cases of rheumatism, Dr. Rowlands' paper was convincing and dramatic, but the relationship between this deficiency and the various forms of rheumatism was not clearly shown. Whereas it was probably a factor in rheumatoid arthritis, the co-relation was not evident in either osteo-arthritis, with its prevailing characteristic of robustness, or in the climacteric type associated with thyroid deficiency. Possibly there were other vitamin deficiencies-an " A " deficiency and probably a " D " deficiency-concerned in the control of phosphates, As to the quantity of " B " required, he doubted the wisdom of relying on tests made on the pigeon, since temperature, pulse-rate and superficies differed from those of human beings, and all these entered into metabolic calculations.
With regard to giving "B," he (Dr. Ellis) had been so strongly impressed with the neurotic side of the disease that he had been giving " marmite " for over eighteen months because of its vitamin content, but had not obtained any of the desired results. His hope in giving vitamin D was that it might control the phosphate metabolism. Dr. Rowlands' view, however, that vitamin-B deficiency was an essential factor, was in close accord to his (the speaker's) clinical observations. He did not consider arthritis deformans to be a joint disease at all, but to be a trophic and autonomic nervous paralysis showing itself in wasting and loss of tone of the muscles before any joint injury supervened. The muscles were under constant tonic irritation and degeneralization, and, as always in such paralytic conditions, the flexor muscle won. The hands of the rheumatoid arthritic always showed an identical deformity; they tended towards flexure and eversion. The wrists were dislocated forwards, and the knees flexed backwards, and in all cases the deformity was always similar. That such a condition was the result of a joint disease was unthinkable.
He had a case at present of rheumatoid arthritis in which only a few of the small joints of the hands were affected, but in which every muscle of the body was wasted beyond repair. The disappearance of the interossia and the flattening of the back of the wrist occurred before the joint lesions, and there were two conclusive symptoms that the condition was not joint disease but a trophic paralysis. One was the " feel " of the skin of the palm of the hand, which was like velvet and varied with the condition of the patient; the other was the face of the individual, which, despite the agony suffered for years, had no line or appearance of pain or stress. This was due to the facial paralysis which always existed and which in this case could not be associated with any joint. It was interesting to see the return of the lines of pain as the case improved.
Rheumatoid arthritis was certainly a deficiency disease, and the deficiency was connected with the assimilation or utilization of phosphoric acid and other phosphates, so that probably vitamins B and D were often associated with it. Rheumatoid arthritis never attacked the -bon viveur or the alcoholic, but was the disease of the total abstainer, the vegetarian and the careful liver. a Dr. CAWADIAS said he could not agree that rheumatoid arthritis was a deficiency disease. Deficiency, in any case, could only be considered as one of the multiple external causes, and in rheumatoid arthritis the external causes were quite secondary, the principal etiological element being the constitutional predisposition.
Dr. ROWLANDS (in reply) said that most of the speakers had evaded the real point. He had been asked what he meant by rheumatoid arthritis, but he would prefer to leave the definition of it to his audience; or as it had been given by Dr. Llewellyn in his book, or in Dr. Hare's paper in the Veterinary Record. The experience, of Sir Arbuthnot Lane, as one of our well-known surgeons, must carry weight, as it did with the speaker. He (Dr. Rowlands) had not begun this work with the object of proving that rheumatoid arthritis was a deficiency disease. What he had tried to discover was the cause of the intestinal stasis, so prominent a symptom in every case of rheumatoid arthritis under his care. A large number of the patients were constantly being examined by X-rays by Dr. Finzi, and in many of them the appendix did not fill, and the food was late in getting through the intestine; there was a delay of from twenty-four to forty-eight hours in the " deficiency " animals in comparison with the normal. When he and his colleagues came to the feeding to -these cases of streptococci, staphylococci and diphtheroid rods, they hit upon something else, which he had detailed in the paper. Why was it that in his cases of rheumatoid arthritis 17S7 PROCEEDINGS OF THE ROYAL SOCIETY OF MEDICINE 68 Rowlands: Rheumatoid Arthritis: Is it a Deficiency Disease? 89 per cent. were infected with the Bacillus coli, 6 per cent. had streptococcus, and 1 per cent. the bacillus of typhoid? He had seen ten new cases in the past week, all of which grew the Bacillus coli.
Dr. Vincent Coates had discussed infective arthritis, but he (Dr. Rowlands) was not dealing with that at all. He agreed with Dr. Coates that a disease like influenza, also worry, would predispose to any condition. People who were overworked and worried were liable to get any infection, because their resistance had thereby been lowered. Dr. Coates agreed there was wasting of the muscles.
Dr. Ellis, towards the end of his remarks, had said that he regarded rheumatoid arthritis; as a nerve disease. That was the whole secret of the investigation.
Dr. Cramer had asked the speaker whether he was certain he was not dealing with vitamin-A deficiency. The answer to that was simple. If he put the animals on a diet containing. sufficient vitamin B they recovered.
Several speakers asked what was the condition of the joints in these animals, and the remarks of Dr. Halls Dally helped to supply the answer.
Several speakers made remarks with which he could not agree, but there was not time to controvert the points raised. Dr. Ellis said he had given marmite to his patients, but without benefit. He (Dr. Rowlands) was not surprised at that-in his own cases he had not given marmite; he had given the wheat embryo. If Dr. Ellis would turn his attention to the wheat embryo he would obtain the same results in his cases as he (the speaker) had obtained. Possibly biochemists would soon discover what was in the wheat embryo which was not in marmite or yeast extracts.
The patients certainly improved when treated on the lines that he had suggested. He was sure that endocrine pathology-thyroid-testicular-ovarian-was concerned in rheumatoid arthritis, but his contention was that the endocrine balance was overthrown owing to the deficiency. The patients were getting a certain amount of vitamin B in their diet, but not enough. A rat would live on a small quantity of vitamin B for two or three years, but if such a rat were killed in the eighteenth week of experiment, it was found that there was scarcely any muscular tissue remaining; the external muscular coat had gone, and the internal muscle was only one-third the normal size. And in every deficiency animal, as Dr. Browning had said, there was a practical absence of peristaltic wave. Yet in a normal animal, if it were killed with chloroform and opened and exposed to bright sunlight, the peristalsis. persisted for twenty minutes. Certainly in most cases of rheumatoid arthritis there was. constipation; in some there was possibly colitis, since there were repeated motions.
A question which could not be evaded was: Why was the Bacillu coli found in the urine in so many rheumatoid arthritis cases? It could only come from the intestinal canal, and it. was not able to penetrate healthy mucous membrane. In the animals and in the human patients in these cases, the healthy mucous membrane had disappeared as a result of vitamin deficiency.
An important point which none of the discussers had mentioned was the great change in our diet, not so much in our own choice of food, but in the food of the animals on which wedepended so much for our own. For instance, cows used to be fed on ground oats, ground wheat, ground barley, ground rye; all these contained the essential vitamin B. To-day very few farmers gave such food to their cattle; instead, they gave cotton-seed cake, linseed cake, and all kinds of patent foods which were deficient in vitamin B, and therefore. milk was not now so good as in former days. Chickens, again, were now fed on all sorts of material, and were the subjects of intensive culture, with the result that the egg-yolk was not of the same value as formerly. Vitamin B was not an animal product, it must be supplied to the animal from some outside source.
He (Dr. Rowlands) agreed with Dr. Halls Dally that rheumatoid arthritis was a nerve disease following on toxEemia.
To ascertain whether joint lesions would occur in the experimental conditions, it would be necessary to go a step further. He would like to keep experimental animals for six months,, but he would not be allowed to use the pigs on his farm as experimental animals, and University College could not be turned into a row of pig-styes.
He had learned something from the discussion. He was extremely obliged to the speakers for the kind way in which they had received his paper. He knew he was treading on verythin ice, but he was advised to place his findings before the Section, and he hoped the resulting discussion would go further. Probably a treatment would be instituted on the; right lines, and thus justify his thesis.
